Universality of surface critical behavior with respect to surface enhancement is studied for O(n) models with n = 1 (Ising), n = 2 (planar rotor), and n = 3 (Heisenberg) on simple-cubic lattices.
I. INTRODUCTION
In real systems, the bulk critical behavior is modified by the presence of surfaces. For instance, in magnetic systems the correlation function between two spins separated by a distance r on the surface is known to decay with an exponent that differs from the bulk exponent. A further modification of the surface critical behavior may occur when the surface couplings are enhanced sufficiently to produce a surface-bulk tricritical point, which marks the onset of surface ordering even in the absence of bulk ordering. For a review of these phenomena, see Ref. 1.
Here we focus on the ordinary surface critical behavior in the absence of strong surface couplings. We investigate three universality classes containing the threedimensional O(1) (Ising) , O(2) (planar rotor), and O (3) (Heisenberg) models. In particular, we are interested in the magnetic exponents describing the surface critical behavior, and in universal scaling functions describing the correlations in and near surfaces. The main issue addressed in this paper is the universality of these scaling functions with respect to surface enhancement.
Thus far, sur face exponents have been determined by means of e expansions, by series expansions, and by Monte Carlo simulations.
In the latter analysis of the O(2) model by Landau et at. , systems were considered that do not map onto each other under scaling transformations and this may be one of the reasons why the data collapse of the surface layer magnetization was not completely satisfactory. In the present work, we avoid this problem by restricting ourselves to congruent systems. In addition, we perform a study of the corrections to scaling.
For our computations we employ a standard Monte This symmetry is absent in the surface-bulk correlation function, yet we chose the analogous form g b(r L e) = L " " mm (e)~1 +~I ', b (p,b) ( u, b(e) gab(r) e) = (S1,1,1 S1,1,~+1).
Here xh, is the critical dimension of the surface magnetization. The corresponding renormalization exponent yh1
For the analysis of the numerical results, we apply Gnite-size scaling. First we review the scaling behavior of the surface-bulk correlation function. Unfortunately, surface critical behavior is subject to strong corrections to scaling due to the irrelevant field u(e) associated with the surface enhancement. Fortunately, however, the associated exponent is known; it has the value -1 in three dimensions.
The correlation function g"(r, L, e) of two spins at distance r on the surface of a system of linear dimension L with surface coupling eK is expected to be of the scaling form 
The scaling relation for the cross susceptibility y12 be- as well as for n = 3. The results are included in Table II for Lo = 4 -10.
The best convergence (as evident from the finite-size dependence of the residue of the fits) is found on the basis of the susceptibility data, in particular the y~2 data. In some cases the results from the correlation functions deviate somewhat more than expected for purely statistical Table III. According to Eqs. (8) and (17) The data collapses are satisfactory, but the residues of the fits are larger than expected on the basis of statistics. Noticeable deviations of the data points from the universal curves in Figs. 1 -6 occur for the smaller system sizes. These deviations can be attributed to the fact that our could be attributed to one single source, both estimates should be consistent.
Finally, the singular parts of both susceptibilities yzz and gi2 contain metric factors m'(e) . These factors cancel in the singular amplitude ratios a;/d, ; thus we expect these ratios to be universal. Indeed, the fi.ts show that a, /d; = 2.64 (6) for n = I, a, /d, = 3.60 (6) for n = 2, and a, /d; = 4.22 (5) for n = 3.
